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SOMORANDUM REPORT

for the
Army Alr Forces, lateriel Cormmand
FIND-TUNNTL IRVESTIGATICN OF PROFIL™ DRAG AND LIFPT OF
AAN INTERMEDIATS TING STCTICN CF THE XP-51 AIRPLANE
WITH BEVTLED TRAILIFNCG-FDGT AND COITCUR AILFRONS

By FPrank T. Abbott, Jr. and "illiam J. Underwood

The results of flight investigations showed that
a beveled tralling-edge aileron gave as low or a lower
profile drag than a contouf aileron, As this was
contrary to the general expectation, 1t was felt
desiratle to conduct a wind-tunnel investigation of =
scale model of the wing section used in flight. Section
rrofile dreg and section 1lift at flight Reynolds numbers

were to be obtained wlth the two types of aillerons.

Secticn profile drag and 1ift ccefficients at keynolds
numbers of approximately 6,000,000, 9,000,000, and
13,000,000 are presented herein froﬁ the tests in the NACA
twb-dimensional'1ow-turbu1ence pressure tunnel.

MCDEL

A scale model having a wing chord ¢ of 36 inches was
made to correspond to an intermecdiate section cver the
aileron pdrtion of the wing 16 inches outboard frcm the
Inboard end of the right alleron of the ¥XP-51 airnlane.

This was the same section used in measuring profile drag in
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flight (reference 1), The ordinates of the sgétibn
{.table 1) were measured from the actus] airplane

wing. The scale model, which was made of laminated
mahogany, was faired according to the msesured ordinates
wlth the exception cf seversl slightly unfair ordinates on
the upper and lower surfaces in the vicinity of the leading

edge, which were neglected in fairing the airfoll contour.

po
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This unfairness of the messurad ordinates was probably due

to the actual airvlane wing being slightly unfair st the
front spar. A bump wvas present on the lower surface of the
model at the aileron hiwge simmleting the contour of the
alleron prciscting belcw the lower surface at the hinge llne.
This bump was present in the »21loin alrfoll configuretion
(fig. 1) as well as the two aileron configurations (figs. 2
and 3). The model was made in two parts with a single front
part which assembled with one of three rear parts to form the
plane girfoll section (fig. 1) or an airfoll sectlion wlth
either the 0.18%e¢ beveled trailing-edge aileron (fig. 2) or

nternal
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the 0.187c contour-shaped aileron (fig. 3). The
shapes in the alleron balance chamber were scaled from the
actual section tested in flight. Both allerons were hinged
at 0.813c, which resulted in a wing cherd seétion ¢ of

about %6.1 inches for the beveled trailing-edce o-nfiguratlion.
The beveled trailing-edge aileron confipguration was tested un-
sealed. The contour aileron configuration was tested both

unsealed and sealed.
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Lift and drag measurements of the wmodel were made by
methods described in raference 2. . The profile-drap and
117t ccefficlients for all configurations were based on a

.
nominal wing chord ¢ ef %6 inches,

The contour sgileron was sealed by plugging the aileron

curtaln gaps with madeling clay. The dlscontinuity at the

gaps wzs not faired cut, as shown in the nhotograph of

figure 3.

lafter this report was issued in 1ts original form,
certain refinements were made in the method of comnuting
1ift coefficients. All 1ift coefficients given in this
report should therefore be corrected by the following
equation:

¢y (corrected) = 0.966cy + 0'026°Lb

where c¢; 1s section 1lift coefficlent presented in this
report and czb 1s given in the following table:

Aileron |
deflection Cly
6 b
a
(deg)
0 0.1
2 o2
5 3
10 5
7'2 005
"5 "ol
-10 "05
"18 "‘5
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RESULTS AND DISCUSSION

The results of the tests of the three configurations
are presented in figures L to 12, Comparison curves of the
configurations are given in figures 13 and 1L, Aileron
effectlveness %% of the two aileron configurations is
given in table II.

The comparison of seéction 1ift characteristics at a
Reynolds number of 13,000,000, gliven in figure 13, shows

that the plain alrfoll had the highest slope with a
dey
aa

a=0 de
configuration with a (551'a~0 of 0.11ll; by the unsealed

of 0.115; followed by the sealed contour aileron

c
contour aileron configuration with a EEL 0 of 0.112;
=
and last by the beveled trail*ng-edge aileron configuration

with a (%—— of 0.105., A maximum section 1lift co-
@=0

efficient of 1.75 for the plain airfoil section is very
good. The aileron configurations with the aileron neutral
show a loss in maximum lift. Sealing the gaps of the
contour aileron had ;ittle effect on either the slope of
the 1ift curve or the méxinum 1ift coefficient.

The alleron effectiveness, presented in table TII as
the effective change in angle of attack per unit change in
alleron angle (denoted by Aa/Ad), shows that the contour

alleron, either segled or ungealed, has an appreciably

-
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higher Aa/86 than the beveled trailing-edge aileron.
Sealing the aileron gaps of the contour aileron resulted
In a small improvement in effectiveness.

Although no study of hinge moments was included in
the present investigatlon, 1t appears (reference 3) that
this loss in effectiveness of the beveled trailing-edge
alleron can be more than counteracted by using larger
alleron deflections than would be obtainable with the
unbalanced contour alleron with permissible stick forces.
The final éffectiveness of the beveled tralling~edge
alleron would appear, however, to be less than that of
a properly balanced contour aileron..

The comparison of the drag polars, with the aileron
neutral, given.in figure 1lli, shows that the section profile
drag coefficient cdo ' 1s lowest for the plain airfoil

min
sectlon. The contour alleron configuration, sealed and un-
sealed, shows a slightly higher cdo than the plain air-
foll section. 1In the sealed condition the contour aileron
shows the same profile drag as the plain airfoil section
outside the low—drag.range. The beveled trailinge~ecdge
alleron configuration shows an increase in cdo throughout
the test range. In the low-drag range the peveled
trailing-edge alleron configuration shows an increase

in the profile drag (;do.in) of about 0.,0003 over the
m
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plain airfoil sectlon drag and possibly 0.0002 over the

contour alleron configuration section drag.
CONCLUDING REMARKS

The section proflle~drag coefficlent of the beveled
trailing-edge alleron configuration was slightly higher
than for the contour aileron confilguration.

The section aileron effectiveness ver unit aileron
deflection of the beveled trailing-edge aileron unsealed
was approximately 80 percent of the effectiveness of the

contour allseron, unsealed.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., January 27, 1943. -
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TABLE II
CHANGE IN EFFECTIVE ANGLE OF ATTACK PER UNIT CHANGE
OF AILERON ANGLE OF A SCALE MODEL OF THE INTER=-
MEDIATE WING SECTION OF THE XP~51 AIRPLANE

(For aileron deflec'tions, 0gs < +18°; R, 13 x 106 approx, )

Aileron configuration (%%)ct =0 <%%>°1 =1
Be:gégd trailing- 0.37 0.36
e e .
002::i1§dtype, L8 A6

NATIONAL ADVISORY
COMMITIEE FOR AERUNAUTICS
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